
Conten ts
1 E u clidean  V ector Space 7

1.1 Basic notions..................................................................................................... 7
1.2 Orthogonality in the Euclidean vector space............................................. 13
1.3 Distance and angle in Euclidean vector space...........................................23

1.3.1 Gram determinant, exterior product and orthogonal product 23
1.3.2 Distance and deviation in the Euclidean vector space . . .  28

2 H om o m o rp h ism s o f  vector spaces 37
2.1 Basic notions................................................................................................... 37
2.2 Vector space of homomorphisms; composition of homomorphisms 47

2.2.1 Vector space of homomorphisms.....................................................47
2.2.2 Composition of homomorphisms.................................................... 50

2.3 Endomorphisms of a vector space................................................................52
2.4 Eigenvalues and eigenspaces of endomorphisms of vector spaces . 58
2.5 Homomorphisms of Euclidean vector spaces.

2.5.1 Orthogonal p ro jec tio n ...................
2.5.2 Orthogonal homomorphisms..................................•........................ 66

3 F actor  vector spaces 73

4 D u a l vector spaces 83

5 Pseudo-inverse m atrices and hom om orphism s 89
5.1 Pseudo-inverse matrices................................................................................. 89
5.2 Moore-Penrose pseudoinverse. Optimal approximate solution of

systems of linear equations............................................................................ 93
5.2.1 Moore-Penrose pseudo-inverse m a t r i x ........................................ 93
5.2.2 Moore-Penrose hom om orphism ................................................... 98

R eferences 103

Ž 
£


